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Accounting for the effects of dust extinction on the observable properties of galaxies is a critical component in
galaxy modeling and in constructing synthetic galaxy surveys. Ferrara et al. (1999)1 computed extinction curves for
model galaxies with simple, yet realistic geometries, as a function of V-band central optical depth (measured through
the center of the galaxy viewed face-on, τV,0 =
∫ +∞
−∞ dzρ(R, z)κV, where ρ(R, z) is the dust density in cylindrical
coordinates, and κV is the opacity of the dust in the V-band), inclination, and morphology. Such tabulations are
useful for computing extincted magnitudes in galaxy formation models (Lacey et al. 2016; Merson et al. 2018).
The demands of current and forthcoming survey simulation efforts require higher precisions (Mao et al. 2018). The
extinction curves of Ferrara et al. (1999) are tabulated at a relatively small number of points. Applying these extinction
curves requires interpolation and extrapolation which we have found can lead to noticeable numerical artifacts in the
resulting galaxy colors.
We have therefore conducted calculations similar to those of Ferrara et al. (1999), using updated dust proper-
ties, spanning a wider range of inclination, optical depth, and morphology, and using a much larger number of
tabulation points. We use the radiative transfer code Hyperion (Robitaille 2011), and dust properties corre-
sponding to the model of Draine (2003) with intrinsic RV = 4.0. The dust is distributed with density profile
ρd(R, z) ∝ exp(−R/Rd)sech2(z/zd), where Rd and zd are radial and vertical scale lengths respectively. Disk stars
are distributed to trace the dust, while spheroid stars follow a Hernquist (1990) profile with scale length rs. When
characterized by τV,0 the attenuations depend only upon zd/Rd and Rs/Rd.
Density profiles are tabulated on a (100, 100) grid in (R, z), spaced in the logarithm of R from 10−2Rd to Rm, and
linearly in z between ±zm. Here Rm = 10 max(rs, rd) and zm = 10 max(rs, zd) are chosen to encompass the majority of
the mass. We configure Hyperion to use monochromatic radiative transfer via raytracing, and to use 105 photons for
both ray tracing and imaging. We tabulate the attenuation aλ = Lobs,λ/Ltrue,λ at a large number of viewing angles,
where Lobs,λ is the observed luminosity at wavelength λ, and Ltrue,λ is the true (unextincted) luminosity at that same
wavelength. Due to scattering aλ > 1 is possible. Example results are shown in Figure 1.
The tabulated attenuation curves are made available as an HDF5 file, containing the following datasets:
wavelength[Nλ]: wavelength [microns];
opticalDepth[Nτ]: optical depth, τV,0;
inclination[Ni]: inclination of the disk [degrees];
spheroidScaleRadial[Nr]: radial scale length of the spheroid, relative to that of the disk [rs/rd];
attenuationDisk[Nλ,Ni,Nτ]: attenuation of the disk;
attenuationSpheroid[Nλ,Ni,Nτ,Nr]: attenuation of the spheroid;
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1 See also Tuffs et al. (2004) who provide fitting functions to the attenuation in similar models, and also consider clumping of the dust,
and Fontanot et al. (2009) who provide a fit to the results of a radiative transfer code applied to galaxies from a semi-analytic galaxy
formation model.
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Figure 1. Attenuation curves, in magnitudes of extinction, for a model with rs/rd = 1 at inclination angle 60
◦. Left and right
panels show the attenuation for disk and spheroid components. Line color indicates τV,0 from 10
−2 (red) to 104 (blue).
attenuationUncertaintyDisk[Nλ,Ni,Nτ]: uncertainty in the attenuation of the disk;
attenuationUncertaintySpheroid[Nλ,Ni,Nτ,Nr]: uncertainty in the attenuation of the spheroid.
The following attributes are present in the file:
dustDescription: a description of the dust model used;
opacity: the opacity of the dust at a wavelength of 0.55µm [cm2/g];
diskStructureVertical: a description of the vertical density profile of the disk;
diskCutOff: the radius (in units of the disk radial scale length) at which the computational grid was truncated;
spheroidCutOff: the radius (in units of the spheroid radial scale length) at which the computational grid was trun-
cated;
diskScaleVertical: the vertical scale length of the stellar disk, relative to the radial scale length of the disk;
dustScaleVertical: the vertical scale length of the dust disk, relative to the radial scale length of the disk;
timeStamp: a timestamp indicating when the file was created.
This file is available from at 10.5281/zenodo.1442826. We expect to add further cases (different dust and stellar scale
heights, dusty spheroids, clumpy dust, etc.) in future. The analysis-python package for Galacticus (Benson 2012)
includes a module to apply these attenuation curves to Galacticus model outputs.
We thank Thomas Robitaille for developing the Hyperion code.
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